It is proved that, in so far as the Skyrmion exists, the Skyrme Lagrangian gives another soliton solution with the Hopf index H=l. The Hopf soliton is interpreted as a kind of composite of a Skyrmion and an anti-Skyrmion. Its mass and radius are given by those of the Skyrmion.
A soliton solution with the baryon number B = 1 of the Skyrme Lagrangian, called Skyrmion, I) has recently aroused wide interest. Many people are arguing that the Skyrmion may be the real baryon.
2 )
The present short note aims at giving a proof that the Skyrme Lagrangian does give another soliton solution with the Hopf index H =1 and the baryon number B=O .. The Hopf index is a topological number characterizing the third homotopy class of IMS 2 ) , while the baryon number is that of II 3 (S3) .") -5) The new solution, which we call Hopf soliton, has the mass MH and radius RH related to those of the Skyrmion, M S 
and R S :M H =(S,/2/3)M S
and R H =,/2R s . Throughout this note, we restrict ourselves to the case of two flavors.
The Hopf soliton is reasonably interpreted as a kind of composite of a skyrmion and an antiSkyrmion. If the Skyrmion is the baryon, the Hopf soliton is conjectured to be a baryonium.
The Skyrmion: hedgehog solution
The Skyrme Lagrangian consists of two terms: 2 ).6). ' ) ..f= ~(:Tr(a"Ua"ut) (1) The first term is the nonlinear sigma model: U denotes an SU (2) accompanying spontaneous break down of the chiral symmetry is expected to be the effective field theory of SU(N) QeD at extremely low energies in the large N limit. The second term with four derivatives was proposed by Skyrmel) to stabilize soliton solutions with a dimensionless parameter e 2 >O. The Wess·Zumino term, that describes anomaly effects 7 ) and is able to be interpreted topologically,S) should be added to ..f, from which an anomalous baryon number current B" is derived. In the two-flavor case, the WessZumino term vanishes but the current is still present:
The hedgehog solution, which is static, is assumed to have the form: (3) where r is the SU (2) When boundary conditions, F(r)=7r at r=O and F(r)->O as r->oo, (6) are imposed, the hedgehog solution U has the 
2 p4 p.
Since U(x) ---71 by the boundary conditions
r-~ (6), which makes the soliton to have a finite energy, the hedgehog U maps the physical 3-space on 5U(2)~53:
(All points at spatial infinity are identified with a single point mapped into the unit element of 5U (2) .) Then the configuration U is partitioned into an infinite set of topologically disconnected components and is classified by the third homotopy class lIs ( 
The integer belonging to the group Z, the winding number or the Chern-Pontryagin class, is conserved irrespective of dynamics of the system, and is nothing but the baryon number B.
A soliton solution with the Hop! index
Following a standard prescription,") let us make another mapping. Take the first column z of a hedgehog configuration Uo where the function
we have
where l;=x l +ix 2 and zt z =1. Let us impose the same boundary conditions on C as on F:
C(r)=7l" at r=O and C(r)->O as r->OO, (11) and then construct a set of three real fields:
with tPat=tPa and ~~~ltPa2=1. Namely,
By the boundary conditions (11), we have tPl=tP2 .
->0, tP3->1 as r->OO. So the set of tPa maps the physical 3-space on 52. (All points at spacial infinity are identified with the "north pole" on 52 of ~tPa2=1.)
Define a new field configuration V:
By putting V into the Skyrme Lagrangian .£ in place of U, we obtain, after a somewhat lengthy calculation, the mass given by C (Eq. (16) below) and the Euler-Lagrange equation derived from it:
It is easy to see that by scaling p as p =/2p' Eq. 
which is rewritten, again making use of the scale change p=/2p', by the Skyrmion mass M S of (7) 
2X2 r2 dr
This is of the identical form with the baryon number B in (5), as it should be. In the homotopy exact sequence 3 ) ........ IIn (5 1 ) ..... IIn (5 3 ) ..... IIn (5 2 ) ..... IIn-, (5 1 It is interesting to note that Eq. (14) of V is rewritten as
Then, that the Hopf soliton has no baryon number may be intuitively understood.') 2) From the characteristic relations above, the Hopf soliton may be regarded as a kind of composite of a Skyrmion and an anti-Skyrmion. In the two-flavor case, the Skyrmion is known to be quantized either as fermion or as boson ,because II,(Q,)=II,(5 3 )=Z2.11),B) In the same way, the Hopf soliton may also be able to be quantized either as fermion of as boson, since nUJI)=II, (5 2 It is also conjectured that, in so far as the Skyrmion is the real baryon, the Hopf soliton would exist as a baryonium. The decay of the baryonium may be subject to a selection rule from the Hopf index ... ') Baryonia with a somewhat similar decay property (extended Freund-WaltzRosner selection rule '2 ») were proposed by Imachi and one of the present authors(S.O.) from the viewpoint of the string-junction model, in which the junction within the baryon was regarded as a "stable" kink on an oriented string. 13 ) 3) There remain many problems to be , investigated, such as (i) quantization of the Hopf soliton in terms of collective coordinates, (ii) extension of our results when the Skyrme term in .f is modified to more complicated ones,S) and (iii) , the "baryonium" Hopf soliton and the large N limit of QCD. Of particular interest is a possible connection between our Hopf soliton and soliton solutions of the "smoke ring" shape. 9 )"on,) The latter have also the Hopf index H = 1, and are less symmetric than the Skyrmion analogously to (25). Our preliminary analysis strongly indicates the following: The Hopf soliton and the smoke ring solutions may merely correspond to different choices of physical 3-space coordinate systems in ') The baryon number current is given by a sum of the contributions from Uo, that from Uo t and a totally divergent term. "') The Hopf soliton, localized in the physical 3-space with a finite energy, 'may be said to be quasistable in the sense that it forms "saddle points" in the whole 5 U (2) field configuration space. mapping the field configuration on S3 with B = 1 to that on S2 with H = 1. The mass relation in (24) may be universal for solutions with H = 1 that are stabilized by the Skyrme four-derivative term. Details will be given in a separate paper.
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